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Current collapse and the role of carbon in AlGaN  /GaN high electron
mobility transistors grown by metalorganic vapor-phase epitaxy
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The two deep traps responsible for current collapse in AIGaN/GaN high electron mobility transistors

grown by metalorganic vapor-phase epitaxy have been studied by photoionization spectroscopy.
Varying the growth pressure of the high resistivity GaN buffer layer results in a change in the deep

trap incorporation that is reflected in the observed current collapse. Variations in the measured trap
concentrations with growth pressure and carbon incorporation indicate that the deepest trap is a
carbon-related defect, while the mid-gap trap may be associated with grain boundaries or

dislocations. [DOI: 10.1063/1.1418452

Nitride-based field-effect transisto(EETS are of great that the traps responsible for current collapse in these struc-
current interest due to their capability of operating at hightures are located in the high-resistivitfiR) GaN buffer
power and high frequency. However, the performance ofayer?=>We have also observed that current collapse is con-
these devices can be limited by the presence of material dsistently more problematic when the HR-GaN buffer layer is
fects in the FET structures. A defect-related phenomenon ajrown at low growth pressur8sThis is the same growth
particular concern is current collapse, as this effect reducesondition under which the incorporation of defects into the
the output power achievable by the device. Current collapselR-GaN layer, and in particular carbon impuritfegis sig-
occurs when a high drain-source voltage is applied to thauificantly enhanced. Consequently, in this work we have
device, resulting in the transfer of hot carriers from the con-studied the effect of varying the MOVPE growth pressure of
ducting channel to an adjacent region of the device structurthe HR-GaN buffer layer on the incorporation of traps caus-
that contains a high concentration of deep trapsThe car-  ing current collapse in AIGaN/GaN HEMT structures, with a
riers can then become trapped at these defects. The loss ffrticular emphasis on the role of carbon.
channel carriers and the resulting large transverse electric The HEMT structures were grown by MOVPE. A 20 nm
field* lead to a collapse of the de-V characteristic, which AIN nucleation layer was grown oa-plane sapphire sub-
exhibits a reduced drain current and an increase in the knegrates, followed by a &m HR-GaN buffer layer. A 25 nm
voltage. layer of AlyGa N was then grown in order to form the

In this work, we employ the photoionization spectros-two-dimensional electron ga&DEG). Four wafers were
copy (P9 techniqué®to investigate the trapping centers that grown under identical conditions, except for a systematic
cause current collapse in AIGaN/GaN high electron mobilityvariation of the HR-GaN growth pressu@5, 150, 200, and
transistor(HEMT) structures grown by metalorganic vapor- 300 Tory, in order to vary the defect incorporation in the
phase epitaxyMOVPE). In these measurements, light inci- Iayer.7 The 2DEG associated with these structures exhibited
dent on the “collapsed” device photoionizes the trapped carsheet charge densities as high as<i1®'* cm™? with 300
riers from the traps, leading to a restoration of the drainK Hall mobilities around 1200 cfV's. The source-drain
current. It has been shotithat the spectral dependence of spacing was 2—xm and the gate length was OuBn. Fur-
this drain current increase reflects the characteristic photgher details of the materials growth and device fabrication
ionization spectrum of the trap causing the collapse. Thid1ave been reported earleFor the optical measurements,
provides a signature of the responsible trap as well as thEonochromatic light was provided by either a Xe arc lamp
depth of the trap relative to the band eddés.addition to ~and a 0.22 m double monochromator or a He—Ne laser.
these spectral measurements, we have also carried out PS inthe HEMT devices was carried out by measuring
complementary light illumination studies of the dependencdhe drain current of the device after exposure to a high drain-
of the light-induced drain current increase on the amount ofource voltagel5 V). The drain current was measured both
light incident on the device. The results of these studies cal! the dark (qa1) and after a measured amount of light illu-
be analyzed, using an appropriate mdtiel extract the areal Mination (gn). The spectral dependence of the fractional
concentrations and photoionization cross sections of the rd0créase in the drain current above the dark level,
sponsible traps. (A1 gard = (liight—  gard /1 dark» Properly normalized by the

Previous PS studies of the GaN metal-semiconductofmount of incident light, defines a spectral response func-

FET (MESFET) and the AIGaN/GaN HEMT have shown tion, S(h»), that has been shown to reflect the photoioniza-
tion spectrum of the trap causing the collap$éreviously

ublished photoionization data for the GaN MESFET,
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detail in a separate publicatidh.The two parameters that
were varied during the fitting procedure were the areal trap
concentration and the trap photoionization cross section. The
resulting cross sections were determined tosd ° cn?

for Trap2, comparable to that of the MESFETand
=10 8 cn? for Trapl, which is somewhat less (6

X 10" 1" cnP) than that of the MESFET.

In Fig. 2 the areal concentration of each trap, determined
by the saturation level ofX1/14,4), is plotted as a function
electron traps. The rise near the GaN band gap is due to thaf the growth pressure of the HR-GaN buffer layer. The un-
creation of electron-hole pairs as well as the photoneutralizacertainty (error bar$ is estimated as-20%. The concentra-
tion of negatively charged shallow acceptors. Fitting thetion of Trap2 is seen to exhibit a sharp increase at low
spectral dependence of the deep absorptioiwsted lineg  growth pressure, while the Trapl concentration increases
allowed the extraction of absorption thresholds at 1.8 ananuch more gradually toward lower pressures. These results
2.85 eV for Trapl and Trap2, respectiv@lindicating that are compared in the figure to the volume concentration of
Trapl is a mid-gap trap and that Trap2 is very deep. Thearbon, measured by secondary ion mass spectrometry
same two absorptions have been associated with current cdlSIMS) for the same material. It is evident that the Trap2
lapse in the HEMT structures as weélsuggesting that the concentration tracks the carbon concentration as a function
same HR-GaN buffer layer traps are responsible for currendf growth pressure, suggesting that Trap2 is most probably a
collapse in both devices. Photoionization spectra are showecarbon-related defect. While the Trapl concentration does
in Fig. 1(a) for three HEMT structures, each with the HR- not appear to track the carbon concentration in the same way,
GaN buffer layer grown at a different pressure. The mosthe gradual increase toward lower pressures does correlate
obvious effect of growth pressure is the substantial increaseith the smaller grain sizes and higher dislocation densities
in the contribution of Trap2 at the lowest press(86 Torn,  that are seen at these pressur&his suggests the possibility
which corresponds to higher carbon incorporation and mor¢hat Trapl may be related to these extended defects. By plot-
severe current collapse. The variations in Trapl are less cleéing the trap concentrations as a function of the carbon con-
because of the reduced signal-to-noise ratio in that portion afentration in Fig. 3, it can be seen that the concentration of
the spectrum. Trap2 is proportional to the concentration ehptycarbon-

However, the concentrations of the relevant traps couldelated defect$! This lends weight to the idea that Trap2 is a
be determined by studying the dependence of the relativearbon-related center. The extrapolation of the Trapl data to
drain current increaseA(/14,4) On the amount of light illu-  zero carbon concentration still corresponds to a significant
mination that is incident on the device, using a single, chartrap concentration, which seems to support the idea that

acteristic wavelength for each tr&hese were chosen to be Trap1 is not carbon related.
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FIG. 1. (a) Photoionization spectra of HEMT structures for three HR-GaN
growth pressuregsymbols as shownA GaN MESFET spectrum is shown
(open squaresfor comparison.(b) Light-induced drain current increase
(symbolg as a function of total light illumination for four HEMTs with
different HR-GaN growth pressuré85, 150, 200, 300 To)r The solid lines
are fits to the data using a simple model.
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dence for such a process has yet to be reported. In support of

3l 12 - a deep carbon-related defect, an exhaustive study of YL in
&= carbon-doped GaM concluded that a G-V, complex pro-
5 14 vided a deep acceptor level 0.86 eV above the valence band

edge. Preliminary calculations by Neugebauer and Van de
Walle* confirmed the possibility that this defect could act as
a deep acceptor and, with the shallowy @cceptor, could
compensate donors intype material. Carbon doping has
also led to significant reductions in the carrier concentration
of ntype GaN!® and has even been employed to grow
HR-GaN-*—with HEMT devices fabricated on this material
exhibiting excellent high-frequency performariée.
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